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ABSTRACT: Those who wish to consider beryllium as an ingredient
of propellants or explosives should be familiar with the curreat and
potential supply of this 2lement. Likewise they should comprehend the
toxicity of beryllium and its compounds. The objectives of this report
are provision of information about the actual and potential supply of
beryllium and about the taxicology of beryllium and its compounds.

Metallic beryllium will not be available in quantity if nothing
better than the primitive methods of mining now in use, utilizaticn of
only the richest ores, and complex and inefficient methods of extracting
beryilium oxide deo not make way for better methods. If mining and
extraction o1 beryllium are not improved, plans should not be made to
use more than small quantities of beryllium in explosives or in
propsiiants,
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The collection of information on the toxicity and supply of beryllium
was part of the Bureau of Naval Weapons task, Study of Explorives
Properties, RUUO-3-E-012/2121 WF008-10-004, to develop new

and improved solid high explosives. The information recorded herein
is to assist those who may want to decide whether evaluation of
beryllium in high explosives or propellants is likely to be feasible
and profitable.

wW. D. COLEMAN
Captain, USN
Commander
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BERYLLIUM, ACTUAL AND POTENTIAL RESOURCES, TOXICITY,
AND PILOPERTIES IN RELATION TO ITS USE IN
PROPELLANTS AND EXPLOSIVES {U)

INTRODUCTION

Beryllium has been suggested as an ingredient of propellants and
explosives at various establishments at various times by various
people. Those who suggest that beryllium be used as aluminum or
magnesium is used, present certain facts in support of their conclusion
that it should be superior to the latter metals. The most cogent of these
facts is that the heat of formation of beryllium oxide is higher than that
of aluminum or magnesium. Therefore, the heat of explosion of explosives
or heat of combustion of propellants containing beryllium, will be higher
than similar compositions contairing other metals. It cannot be concluded,
a priori, that the advantage of higher heat of oxidation of beryllium will
cause explosives and propellants containing beryllium to perform sub-
stantially better than those based on other fuels, Superiority of beryllium
as an ingredient in explosives and propellants will have to be established
by experimental evaluation,

The factors which should be considered while deciding whether to
undertake experimental evaluation of beryllium include the actual and
potential supply of the metaland the toxicity of the metal and its c~.mpounds.
The actual and potential supply of beryllium will define the magnitude of
plane for its use and the effort which can ijustifiably be expended on its
evaluation. Toxicity will increase the cost of evaluation, production of
metal of suitable form, and production of products. Facts about the
actual and potential foreign and domes.. resvurces of beryllium are
presented herein. These facts and discussion thereof are presented
to assist those who wish to decide for themaelves whether bervilium can
be expected to be superior to other metallic fuels, for what propellant
and explosive uses it should be evaluated, and the quantity that will be
available for expendable uses.

To recapitulate, the agthors primary objective is to describe the
beryllium supply situation and to present the facts and opinions about
tox:icity.,
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SUMMARY AND CONCLUSIONS

i, Commarcizl beryllium ore {beryl) is mined and prepared for
market by quite primitive methods. The methods of recoveriag
boryllium oxids or beryllium are complex and inetfficient and under no
probable economic conditions can they ever be expected to separate

more than about 600 short tons of beryllium from presently known

ore deposits., This, 600 short tons ot beryllijum, must therefore be
considered to be the totsl available domestic supply until mining and
metallurgical methods have been improved. The ratio of domaesti~ to
foreign potentially available beryllium has been assumed to be 1:14.
Therefore, the total foreign resources are, under existing circumstances
about 10,000 short tons of beryilium. Ir eraergency foreign powers will
bid for the limited supplies and nations having beryll.um ores may choose
to retain them or they will sell to the highest bidder.

2. The Atomic Energy Commission will probably want to use large
amounts of beryilium relative to the supply and in time of emergency
will probably demand and get priority in the use of the metal. Also
beryllium will be in great demand for use in airplanes and missile
machines for special parts. Under the circumstances mentioned here
and in the preceding paragraph, thers may be little, if any, berylllum
remairing for use in explosives and propellants. It would then be unwise
to plan to use more than small quantitiea of beryllium ir =xplosives and
propellants,

3, However, there are relatively vast quantities of beryllium in the
U.S. in low grade ores, containing at least 0. i% beryl, reference (4),
estimated to contain 270, 000 tons of baryl. If economical means of
recovering beryllium from these sources are developed much more
pretentious plans for use of beryllium in explosivas and propellantsa
can be jusitifed. Discovery of an acid leachable ore of considerable
magnitude would lead to the same result, The following news item
quoted from the September 12, 1960 issue of Chemical and Eygineering
News indicates that there {s reason to believe that such orss may be
found.

"Vitro Minerais Corp. has received the first loan for beryilium
:xploration (previously only beryl ures were eligible) from the Office
of Minerals Exploration of the U.S. Department of Interior. The loan
will be used tc explore Vitro's property in the Topaz Mountain area of
Juat County, Utah, which seems to contain an acid-leachabls type of
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beryllium ore.' There is at least one othey development in the Topasz
- Mountains, supported by strong engineering and financial interests, whose . e
objective is a source of lsachable beryllium ore.

4. Workers can be protected from the toxic effacts of beryllium during
manufacturing processes by good ventilation of working placas, rigorous
screening of exhaust gases, and conformation to the highest standards of
personal hygiene.

5. The toxic hazards of underwater evaluation of beryllium explosives .
ars believed to be negligible. Air blast evaluaticn of beryllium explosives 9
should be performed in isolated areas. Operating employees must not

re-enter the evaluation area until the berylliu n concentration in the air .

is less than one microgram per cubic meter. )

COMPARISON OF BERYLLIUM WITH OTHER ELEMENTAL FUELS

In 1951, reference (1), David Hart and W, R. Tamliason, Jr. of
Picatinny Arsenal published a paper in which various metals, silicon,

phosphorus (red), and boron were compared as ingredients of explosiver. s.
: The table of phyasical and thermochemical properties presented by these
authors is given in this report as Supplement A. The author of this report rt

has compiled a more comprehensive table of physical properties and

thermodynamic data for beryllium, aluminum, boron, and magnesium,

This table is prenented herein as Supplement B, The coefficients to te

substituted in the specific heat aquations for various physical states of the e
four slements and their oxides are recorded in Supplement C., Reference (5) > (5)
contains discussions of the physical and chemical properties of Leryllium

as well as a tabulation of many of its physical properties. These are

reproduced herein as Supplement D.

Beryliium Resources of the Earth

After only slight study of the resources of berylliuun the student can
justifiably conclude that the available and potentially available boryllium
obviously is not adequate for extensi-e use in explosives and prcpellan ts.
At this early stage in hie studies he 2lso concludes that consideration of
any proposed use of beryllium must include estimation of the amount of
beryliium required and compariscn of the requiramenat vith United States
and world resources of beryliium. As previously siated one of the two

- primary objectives of writing this report is to present in one document
the information of world beryllium resources which vill enable those

T
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considering beryllium for use in explosives and propellants to decide
whether beryllium for their expected need can be provided.

Referencesn (4) and (7) contain much of the information prasented
herein. ihis information is preseutcd rather fully in this report for the
benefit of readers who may not have the references.

Beryllium Resources of the United States

The resources of beryllium in the United States are fairly well
known as a result of an intensive study carried out by the Geological
Survey, Supplement E, in recent years, largely on behalf of th:: Atomic
Energy Commission. The principal known resources are in pegmatites.
The greatest domestic production of beryl has come from feldspar,

lithium, and imica mines in the seuthern Black Hills, South Dakota. The
principal sources of cobbable (separable by hand sorting) beryl, most of
which can be produced only 25 1 ty -pioduct of other minerals under present
conditions, are in South Dakota, New Hampshire, Maine, Connecticut,
Colorado, and New Mexico. The lurgest known source of milling rock is in
the Kings Mountain area of North Carolina, where pegmatites of 0. 04 to
0.05 sercent BeO content are estimated to contain about 823, 000 tons of
beryl or beryl squivalent to a depth of 300 feet. Gpevtroscopic methods of
analysis do not distinguish between beryllium in heryl and beryllium in
other minerals, such as chrysoberyl. Nearly all non-pegmatitic devosits
of beryllium in che United Statas are very lcw grade and contain very small

reservenx,

In 1957, it was reportec that the United States had the following
reserves: 8, 800 tons of beryli (440 tons of bery!lium) in pegmatite deposits
containing at least 1| percent bery! and at least 100 tons of buryl, and 3, 300
tons of beryl or beryl equivalent (165 tons 2! berylliumi in non-pegmatite
deposite haviry the same tenor. The distribu>on of this 605 tonas of
beryllium is as follows: in pegmatites 175 tons in South Dakota, 180 tons
in New England, 50 tons in Colorado, and 35 tons in Idaho, Nevada, and
New Mexico; and in non-pegmatite deposits, 165 tons in various States,

referance {8},

Another estimate indicates that the United States has 271, 800 tons of
beryl (13, 590 tons of beryllium) in pegmautc depontl containing at least
Q.1 percent beryl and 7, 200 tui:s Ul Vesyi us s yi equivaiont (260 tons of

beryllium) in non-pegmatite deposits of the same tenor. The bery. in .
individual deposits rortaining iess than ten tons are exdu {rom these

figures. The distribution o this 13, 35C tone nf bervilium is as foilows:

4
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In peginatites, 12, 190 tons in North Carolina, 800 tons in South Dakota,

350 tons in New England, 175 tons in Colorado, 65 tons in Idaho, Nevada,
and New Mexico, and 10 tons in other States; and in non-pegmatite deposits,
360 tons in various States, reference (8).

The tin-spodumene belt, which is about 25 miles long and less than
2 miles wide ard is in North Carolina, contains 823,000 tons of dissaminated
beryl (41, 150 tons beryllium) to a depth of 300 feet, reference (9). Mcost
of this beryl is excluded from the figures of the previous paragraph because
the concentration is less than 0. 1% beryl equivalent.

Beryllium Resources of Foreign Countries

Beryl has heen found in many foreign countries, but little quantitative
data on grade or reserves are available. The principal known resources
are in Brazil, India, Australia, Argentina, and various parts of Africa.
largs beryl resources may yet be discovered in these and other parts of
the world, especially in lithium pegmatites. A large part of any such newly
discovered beryl may be too fine grained to be of cammercial interest at
the present time.

The literature indicates tnat the deposits of foreign countries are very
similar to the deposits of the United States. Aside from a small quantity
of scrap trom emerald mines, all of the world's beryl obtainable under
present conditions is fron. ,:gmatites or from eluviil deposits derived
from pegmatites. A large proportion of the total beryl mined has been
by-product or ce-product, bu: an increasingly larger quantity is being
mined without the concomitant production of othe r mirerals,

This general information about the resources of [oreign countrias
precedes specific descriptions of the principal deposits of beryliium
bearing minsrals throughout the world. For mecre details of these the
reacer should see reference (4). Because of special interest in Russian
rescurces the summary paragraph about the deposits in that courtry is
quoted h ~e from refe.z2nce 4).

“The .epcrts of Sinegud, reference {l1), and Ames, reference {12),
strongly imply that Russian beryl resources are meager. An inorcinate
interest seems to hava been taken in the extremely inaccessible Tigirotz

e~ el . B I N R 1 B . T N Y G - ¥ -4 L 2T TS PP

poaanits, whith iz only 18 metors tong i Tzl whl

more, the amphasis on the Ural deposits seems scarcely -ustified, in
view of the fact that figures for sixe, grade, cor productive capacity seem




NAVWEFS Report 7346

to be lacking. Thke Zahaikal deposits are in tungsten veins, a "ype f
deporit that cannot be ecoromically mined for teryl under present
conditions ip other parts of the world. Oniy the deposits on the no-th
slope of the Turkestan Range seem to be sufficiernily similar to deposits
worked alaewhare in the world to indicate that the beryl could be rined
under existing economic and tecinological conditions and sold at a  -ofit
in an uncontrolied market.

SUMMARY OF WORLD RESOURCES

The heryliium reserves of the world ar= not known with - -rtainty.
In order to estimate world resources in 1953, the rutio ¢ "1e bervilium
mineral resources in the United States to thcse cf ths wor i was assumed
to Le the same as the ratio of beryl production, 1935-51. For each ton
of beryl that the United States produced during that period, the world
produced 14; thus, a ratio of 1 to i4 was esiablished for calculating
world resources of ber. llium minerals, Using this ratio, the world
resources of beryllium in deposits containing more than 1 percent beryl
or equivalent beryl were calculated to be about 200, 000 tons (19, 000 tons
of beryllium). The total resource of world depcsits cortaining ¢. i% bervl
or beryl equivalent was calculated tc be about 4 million tons {200, 00C tons
of berv.lium), reference (10). These estimates have not since beea
confirmed, It appears from these figures that the U.S. beryllium reserves
amount to 55,000 tons (41, 000 tons in the tin-spcdumene belt and i4, 3¢0
tons elsewhere) of beryllium and that the world reserves amount to
200, 0CO tons in depos‘ts containing over 0. 1% beryl or ber:. equivalert,

This information aLout the economic geology of beryllinm was
extracted from Chapter [UII of reference (4). This chapter was written
in 1250 but was modified ir 1953 to fit canditions as they ex;sted ther.
Peferernce (4) was chosen as the source ¢f information rather than
reference {7), a later publication because there is much more detui} in
the former. Comparisor of references (4) and (7) shuws clearly that
there have been only minor changes in ths beryllium supply situation
since 1953, the date of relerence (7). Ci. reference {!7).

Submarine sources of beryilium shouid be meniioned becauss there
may be some curiosity about these sources. Beryllium isotopes having
mass nwnbers 7 and 10 are produced in the upper atmosphers >y cosmic
ray bombardment. These isotunes ar~ carriad into the acean hy rain
The accumulation of 'Be is reg-igible because of itn short half life
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The half life of 19Be 13 2. 5 million years and accumulation can be expected d
to be much larger. However, analysis of sediment cores from the Pacific
Ocean indicate that concentration of 19Be is of the order of only a few parts
per million. Obviously recovery of beryllium from this source is not
feasible. No other information about submarine sources was found.

ANALYEIS OF WORLD BERYLLIUM RESOURCES

The estimates of the U.S. and world beryllium resources are mislscading
without analysis and much complementary information. Specific qualifications
of these estimates are given herein in explanation of that statement,

The sources of U.S. beryllium ore which ave estimated to contain
605 tons of beryllium, are either pegmatites or non-pegmatites. The
165 tons and larger quantities from poorer deposits of beryllium estimated
to exis{ in non-pegmatite deposits cannct be recovered by hand methods and
recovery must aw3ait development of ore milling techniques, page III-3,
reference (4). All commercial beryl is hand-cobbed and seldom are crystals
and {ragments recovered that are less than 1 inch in size, Furthermore, the
author of reference (7) on page 4 goes on to atate that 'probably not more
than one-third of the beryl in the average commexrcial deposit is recovered
by the crude hand methods now employed', Therefore, in ordsr to .nterpret
the eztimates of reserves as precisely as possible much more extensive
analysis is necessary. This we propose to present here.

In crder to understand the beryllium sapply situation it will be necessary
to develop a general comprehension of the geology of beryllium, mining
methods, ore improvement, and production of berylia and beryllium.

BERYLLIUM GEOLOGY

Beryllium haas been found in many difieren’ types of rock, but it occura , s
principally in grauitic and syenitic intrusive, igneous rocke chiefly )
pegmatites, granites, and nepheline-syenites and in a few sediments derived ed
from these rocks. These intrusives result from the solidifcation of molten SR 11
rock forced upward into crevasses, cracks, and other voids in over-lying A
solid rock by the pressure of this solid rock or. desp seatsd molten magmaty, at,
This intruded molten rock solidified under conditions thal caused formatior 0
of large crystals., Beryl, the only mineral found in sufficient quantity rich
cnough to gqualify 2e an wra minaral of barvilium. occurs in intrusive .
pegmatites in crystals or aggregates which range in size from crystals )
too small to be cobbed {(hand sorted) to ar occasional 69 tons, The world's . s
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principal sources of bery! zve heter,genaous granite pegmatites, where
the mineral occurs ir enxiched zonze, filled fractures, and replacerr ent
bodies. The principal ber! daposits are found in zones that usually
contain orly a few thousand tuns o: pegmatitic rocks. A iew deposits
contain a million tons or more.

Beryllium reserves and resources may be grouped into four econsmic
categories: (1) Beryllium in beryl produced as the principal mineral of
a pegmatite mine; (2) beryllium in by-prcduct beryl; {3) beryllium in
haryl and other pegmatite minerals recoverable only by milling; and
(4) beryllium in non-pegmatitic deposits, All of the beryllium produced
at the present time ie in the first two categories.

Beryl, Principal Product of a Mine

In the United States only the few deposits that contain at least 2%
beryl recoverable by hand-sorting can be mined profitably for beryl
alone under existi.g economic conditions. Possibly somewhat lower
grade material can be mired profitably in soms foreign countries,
Nevertheless, deposits that can be mined for beryl alone are rare.
Most, and possibly all, such deposits are smali but rich rhoots or pods
in larger, lowsr grade units of zoned pegmatites, Few of these deposits
contain mors than 100 tons of beryl, but 1 deposit in Argentina, presumably
of this Knd, contained at least 3,000 me*ric tons of beryl., large masses
of beryl-rich rock capable of sustaining a minin; operation on their own
merits either are found in the course of mining for other minsrals cr are
exposed at the surface., Additional deposits may yet be found 1t the surface
in foresign countries, but the search for beryllium throughout the world has
been extensive enough to suggest that appreciable quantities of beryl in
such deposits will be found cnly in extremely inaccessible regions,

Ry-Product Beryl

A large proportion of the beryl used conmercially iz a by-product
or co-product from mines that produce other pegmatite minerals. The
beryl crystals must be suificiently large and free of inclusions to be
concentrated by hand-sorting. Pegmatite deposits from which beryl is
obtained as a by-product may coutain 0. 1% beryl or less. Beryl is
produced as a by-product of mica, feldspar, and lithium miniag in
the United States,
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Reserves in known or easily found deposits that can be minad for
beryl alore under present conditions should not be expected to exceed
a few iens of thousands of tons of beryl in the entire world,

Beryllium Minerals Recoverable irom Peymatites by Milling

Most of tha resources of beryl iu the United States, and presurially
elsewhere in the world, con be recovered only by milling because the
beryl crystals either are too small or contain too many inclusions to be
sortec by hand and (btain a clean product. A successful benefication
method for the recovery of beryl has not yet been developed. Naverthelsss,
if world production is to be greatly increased, the recovery of beryl by
milling will be neceserary, If cther bervllium minerals occur in sufficleat
concentration in anv pegmatite, they may alsc be milled at some future
time., Milling 1s not an end process. It is preliminary to extraction of
values by flotation or leaching, Even if milling methods were to come
lato ganeral uce, beryl miul 3 probably would coutinue To bs largely a
by-product industry, Consequently, tha beryl, to be recoverable at a
protit, would have to pay only for tire concentratior unit set up for beryl
in a mill,

Beryllium in Non-Pegmatitic Deposits

The beryllium minerals of non-pegmetitic deposits are too fine
grained to be concentrated by hand methodr and cannot be recovered
under present conditions. Furthermore, ithe present day beryllium
industry is adapted only to the use of beryl and possibly chrysoberyl ae
sources of beryllium; other minerals are not being used. Non-pegmatitic
deposits, like depowits of pegrnatites, should contain, at the very least,
the equivalent of 0. 1% to be considered possible future eources of
beryllium,

MINING AND ORE PREPARATION

Beryl (Be3Al,;Si40: g or ,BeO. A1;03.6810;) the mineral from
which nearly all of the world's supply cf Leryllium ie obtained contains
5% of beryllium. It occurs in pegmatites in the form of crystals and s
separated, for :ommercial use, by cobbing (hand-sorting). Itis either
a by-product or co-product of mining other minerals., Consequently,
Farwed nwadialdlAnm dn nmd o3 ~a.io N
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governed by demand for another product. Another consequence of such
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relationship is that the mining methode may be lees efficient in separating
the beryl because the recovery or condition ot the co-product or main
product ore must be considered or given first consideration. For example
in mining beryl as a co-product with raica, blasting must be done so that
maximum size mica sheets can be obtained. This may mean that the beryl
is not cntirely separated from gangue and some of it may not be separable
by hand-sorting. On the other hand, if morc brisant blasting is done some
of the beryl will be lost as ''fines’''.

Heretofore, pegmatites have been mined by underground methods
on a limited scale only, chiefly becausa of highsy costs, compared with
opencut mining, adequate access to deposits amenable to the opencut
mining method, and the lack of initiative and capiial to undertake under-
ground exploration of potential beryi-bearing deposit~+, To expleit beryl

pegmatites more effectively, many deposits will have to be mined under-

ground by using mechanized mining and transpcriation where possible to
incvcase efficlency and offset high labor coats,

MNearly all beryl mined in the United States is recovered as a by-
product from the mining of pegmatitas exploited primarily for feldapar,
maca, quartz crystals, lithium-bearing minerale, aad gemstcnes, How-
ever, s.me foreign denosits are worked for beryl alune. The beryl content
is usuawuy very smail; generally about 109 tons of -ock must be broken to
recover 1 tcn of hand-cobbed beryl. Hand-cobbing is a laborious and time-
consuming operation; therefore, the matter of adequate price becomes an
incrsasi \gly important factor i effosts tc augment the supplies of beryl.

An unfo-tunate aspec: as regards beryl recovery lies in the fact that most
vi the richest buryl-contained zones of a psgmatite dike contain the poorer
gradee ol feldepar; therefore, they often are avoided ia the normal course
of recovering feldspasx, and the opportunity for any potential economic
recovery of bexyl {s ’ .us limited,

Ore Prepiration

The snecific gravity of bev,1 (2. 6£ to ¢, 84) is slightly higher than
that cf feldspa: or quartz, but the difference is not enough to faver
gravity methods of sc.parstion, sucn a8 the "sink and floit" process,
Liberation uf the free mineral has not been coinmercial’'y successful
h:rotofore; process.s suitable for treating coarse sand- are desirable
brceuse the oplimura size for crushing the assoclated m'nerals--quartz

and faldanar._far ues i the 2loss Industiy lo avvut 14 ine8a.
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Considerable work on the beneficiation of beryllium ores waa done by

the Bureau of Mines in conjunction with its exploratory work for other

ore deposits, chiefly the beryl-bearing pegmatites from ~:rious localities
in the Black Hills. Flotation has proved to be the most applicable method
although various concentration methods were more adaptable economically
for removing small quantities of certain accessory minerals. Some of the
ores were amaenable io flotation only after scrubbing with an alkali to
remove the alteration products, and still others did not respond even after
this treatmant,

Under memcrandum agreement with the Defense Materials Procure-
ment Agency and in cooperation with the Foots Mineral Cumpany, the
Bureau of Mines 1l*canducting an {nvestigaticn of the recovery of beryl
as a by-product from the Kirgs Mountain, N.C., spodumene mining
operation. Preliminary results indicate that bexryl can be recovered
economically by flotation,

Intensive studies are being conducted by industry and other
Bureau of Mines laboratories to develop a commercial proceus, and it
is believed to be only a question of time before the problem will be solved,
reference (13).

METALLURGY

Beryl is a compound of beryllium with alumina and silica, In
general separation of elements from silica combinations such as this
have been difficult and usually other ores are chosen as sources of the
desired element. The difficulty cf the metallurgical procerses for
recovery of beryllium may be illuminated by examination of the beryl-
beryllium price structure. The prices for bery! and beryllium used in
this analysis are in the following paragraphs quoted fror: reference (7).

"In July 1959, E&MJ Metal and Mineral Markets quoted domestic
beryl, 10 to 12% BeO, at $46 to $48 per short ton unit of BeO, f.o0. b,
mine. On term contracts, quotations for imported baryl, 10 to 12% BeO,
c.i.f. United States ports, was $31 o $33 per short-ton unit of Ber,
however, the spot price was $30 to $31 per unit of BeC. "

""Unit prices paid by the Government under its program for purchasing
domestically produced hand-cobbad beryl are as follcws: 8 to 8, 9% BeO,
$40; 9 tc 2.9% BeC, $45;mnd 10% or more BaO, $50."

*As of 1953, date of reference (4).
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"In July 1959, the American Metal Market quoted the following
prices: Berylllum metal, 97% pure, ltup or beads, f.o.b., Cleveland,
Ohic, and Reading, Pa., $71.50 per pound. Berylllum-copper master
alloy was quoted f.ab. Reading, Pa., Detroit, Mich., and Elmore, Ollio,
at $43 per pound of contained beryllium, with the balance paid as copper
at the market price on date of shipment. Beryllum-aluminum was quoted
f.0.b., Reading, Pa,, Detroit, Mich,, and Elmore, Ohio, at $74. 75 per
pound of contained beryllium, plus the value of the aluminum at the market
price. "

Eighteen months later in its September 15, 1960 issue the E&MJ
Metal and Mineral Markets published the following quotations: Domestic
beryl 10-12% BeO $46 to $48 per short ton unit, imported beryl same
tenor, $34.00 to $34. 50, and spot $3.. 75 to $32,50, Price for metal
97% was quoted as $71.50 per pound. Comparison of these prices with
those quoted in July 1959 by the same publication shows that the slight
changes have been inccnsequential,

One short ton unit is 20 pounds, Therefore, in September 1960,
the quotation for beryllium in domestic beryl was $6.39-$6, 67 per pound,
Beryllium in imported ore in September 1960 was $4,31 - $4,58 per
pound, The quotation for metallic beryllium was $71. 50 per pound.
Therefore, berylllun matal cost $65 more per pound than beryllium in
dom.estic beryl which amounts to an increase of 900% through separation
of the metal from the ore. The percentage increase is less if allowance
is made for the 65% rccovery which {s the accepted normal, If a substantial
reduction in the apparently large cost of extraction could be made and
shared with the bervilium consumer anu the beryl miner, the latter would
be stimulated to incvease production of beryl and insure a relliable supply,
This might encourage the miners to install more efficient ruining machinery
and thereby raduce costs,

The difficulties which miust be overcome in the separation of
beryllium as metal or oxide from ore are well stated in the following
quotations from page II-7 of reference (4):

""The productien of beryllium metal and {ts alloys has been
acknowledged as one of the most difficult tasks in metallurgy. It has
been termed 'the world's No. | metallurgical headache', since the

rmatalliveery Af tha alnrvian? hne aluiaire riwaemntad 2 mawntaviasy neahlae
- o g AN - LS ATl T 2 STTLCMNITG £

The metal han a high fucion point and a high vapor pressure ata
temperature not muca ahove the fusion point, thereby creating a critical
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metallurigical situation. The pure metal is exceedingly light, tending

to float on slags and fused electrolytes®; the halides, highly deliquescent,
cannot be reconverted to the desired form as an anhydrous salt by simple
heating after they absorb water from the air, as all halides hydroliwe
readily; whea berylllum hydroxide is precipitated it tends to occlude aid
adsorb other salts in addition to forming basic salts and oxysalts. "

Modern processes are based largely on bringing beryllium into
solution aither as a beryllium sulfate or as an alkaline fluoberyllate,
reference (14), The latter processes originated from the fact that alkaline
flvoberyllates are soluble in water, whereas beryllium fluoride is not.
Much recent metallurgical resesrch in this field has beern. done in the
United States, Germany, and France,

The refining of beryllilum ores on a cornmercial scale is a problematical
undertaking requiring skilled operating technicians. In the processes
developed thus far, a beryllium recovery of about 65% has been accepted
as normal, although cfforts have bsen made to increase this figure. It is
usually economically advisatle to convert the ore to berylliurm oxide, or to
beryllium hydroxide, at which stage beryllium can be more readily processed
into all forms., The major difficulties encountered are (1) that beryl is
antirely inert to any reagent at low temperature except hydrofluoric acid
and (2) that the compounds of beryllium and aluminum present as chemical
constitusnts of beryl are very similar chemically; hence, most of the
expense and difficulty {n oroducing beryllium oxide is centered around the
separation of these two elemants. Only three different ore processes have
been used commercially in recent years, although several hundred rnethods
have been invented and patentad.

Joy-Windecker Process-Clifton Products, Inc.

In this process the ore is fused with soda ash und the product treated
with strong sulfuric acid to obtain silica in insoluble and filterable form
and aluminum and beryllium in the form of water-c'uble sulfates.

#The density of metallic sodium is about one-half that of the fused
electrolyte from which it is produced. Therefore it floats on the
electrolyte, which is not a disadvantage in the production uf sodium.
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The major portion of the aluminum sulfate is first separated from the
beryllium sulfate by adding ammonium sulfate ¢to the mi xed sulfates. The
ammonium alum crystals formed by this addition are separated, leaving a
filtrate of berylliwn sulfate contaminated mainly with aluniinum and iron.
The iron is oxidized to the ferric state, and the filtrate is dilumdand
treated with sodium carbonats to a pH of about 5. 5. The precipitate,
contalning about 95% of the aluminum and iroa and about 10% of the beryllium
present, is filtered off and separated. This crude hydroxide is then re-
dis solved in sulfuric acid, the beryllium sulfate solution produced is
diluted, and the pH of the solution i{s adjusted with ammonia to 5.5-5.7 to
precipitate the remaining aluminum and iron as hydroxides, After
separation of these impurities the filtrate is completely precipitated with
ammonia, The pure beryllium hydroxide formed is veparated by filtration,
washed, dried, and ignited to beryllium oxide of high purity, refarencas (15).

Fluoride Process-(Copaux-Kawecki)- The Beryllium Corporation

The cre is first ground in a ball mill, either wet or dry, until about
70% is minus 200 mesh (0.07 mm in dizameter). It is then mixed with
sodium ferric fluoride and made into wet briquets, which are heated for
about an hour at 730°C. The sodium ferric fluoride reacts selectively at
750°C with the baryllium oxide in the beryl ore, forming sodiwm berylllum
fluoride and ferric oxide according to the equatior’

3Be0. Al;03. 65i0, + 2Na3FeFg = 3Na,BeF + Fe 05 + Al;0; + 6S10,.

Sulfate Process-(Sawyer-Kjeligren Process)-Brush Beryllium Compan s

The beryl ore is firat completely melted at approximately 1, 625°C
and then quenched in cold water, The melted beryl {s poured into water to
obtain a frit, which is ground in a bali mill., This renders the ore suaceptible
to attack by sulfuric acid at 275°C., The main reactions irvolved are:

3Be0. Al;0,. 6510, + 6H,50, = 3BaSO4 + Al3(SO4)y+ 6510, + 6H,0,

3BeSO4 + Aly(dUy) + (NH4)ZSO4 (excess; = 3BeSO, + LAINH‘(SU‘)Z

6BeSO4 = 6BeO + 650, + 30;.
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Another sulfate process in use separates beryllium from the aluminum
in the suifate sclution by careful pH control. Aluminum and iron hydraxides
precipitate before the beryllium,. Separation is effected by adding some
basic material such as ammonia or soda ash,

Many more details of these proecesscs are given in Chapter I of
reference (4).

Beryllium Metal

The processes described result in production of BeO instead of
metaliic Bs, For most uses including explosives and propellants the
latter is wanted.

Beryllium is produced as solid-lump metal by reducing an excess
amount cf beryllium fluoride in solid form with magne sium metal charged
in a graphite-lined furnace at a crucible temperature of about 900°C. A
slag of magnesium fluoride and beryllium fluoride is produced. Solid
beryllium metal is recovered after the reaction is completed by ralsing
the temperature to 1, 300°C., somewhat above the melting point of berylliurn,
The molten beryllium, which floats on top of the molten alag, is collected
into & pool and then quickiy solidified intv 4 floating cake of solid beryllirm.

This process is hased on the following rsactiuns:

BeO + 2NH F.HF = (NH4);BeF4 + H,0

Cf. reterences (15) and (1¢).
TOXICITY OF BERVLLIUM AND ITS COMPOUNDS

The fabrication of products from finely divided beryllium and its
soluble compounds has been accompaniel by serious ilinesses and deaths
of operators. The mining of ores, recovery of beryllium as the oxide,
and the reduction of the oxide have not beer accompanied by toxic
manifestations. It is only where {ineiy divided metal, oxide, or comporindy
have been processed that serious toxic effects have been experienced
among workers and others working or residing near plants fran which
perylitum containing dust or tumes have Deen ejected. lihe toliowlng
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stateinent on toxicity from refarence (7) ie quoted because it is a good
summary of che bery.lium toxicity situation today.

"Some materials containing beryl'ium are toxic to humans,
references (18) through (20) of this report. No i1l effects from beryllium
have hean fonnd in mining, sorting, or transporting hervl to markets.
However, a disease known as beryiliosis is caused by exposure to various
compounds, dusts, fumes, or mists {from some beryllium materials and
can be injurious to health if safety precautions aze not taken, Itis safest
to regard beryllium metal and its compounds in powder form as potentially
toxic, Simple and practical industrial procedures for control of the toxicity
are available.

"There are two types of beryllium-inducea chro..ic diseases, skin
and respiratory. In each type a kind of tumor is formed that affects the
skin or lungs. The skin type of beryllium indced disease can sometimes
be cuntracted by inplantations with some beryllium compounds. Acute
inflammatory conditions of skin and mucous surfaces can be ceused by
contact with dusts, fumeas, or mists of certain compounds of beryllium.
The respiratory types, acute and chronic, can be received frony breath’ g
certain dusts, mists, or fumes containiag the eiement. Most of the vicums
of acute beryllium-induced reepiratory disease recover rapidly and without
permanent injury, but a few have been afflicted by the chronic form for
several years with sericus consaquences, Modern control practices have
practically eliminated new cases of disease from beryllium.

"Little is known about berylliosis, but much has been done by the
beryllium industry to prevent the disease. Working places are kept clean;
workers are required to wash their hands frequently; clothing is laundered
reguiarly; dusts, fumes, and mists are caught at the source and deposited
in dust collectors; and numerous other precautions includiny medical
orograms have been adopted to make working conditions safe. "

The texicity situation cf beryllium was summarized vary well in
reference (4). This is quoted as Supplement F,. Other publications in
which the toxicity of berylliuin and its compounds are discussed are
references (25}, (27) and {28}, A compreheisive bibliography, refarence (29),
in which 670 references are listed, on the toxicology of beryliium has
bee1 prepared at the Uriversity of Rocheater fur the Atomic Energy
Coramission. References {30) and (31) are other bibliographies on the

N L Ry

o
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The safe handling of metallic beryllium and its cormpounds are
described in detall in reference (26). The abstract of this paper
published in U.S., Government Resea~-h Reports, Vol. 33, No, 3,
March 18, 1960 is quoted below in part.

"No recommendations for safe handling of beryllium in setting up
a new operation are intended or can be given in this report. However,
it is hoped that these references ar- brief descriptions may assist
safety engineers, operators, and p.ant design groups in the task of
setting up a reasonable program of safe handiing practices to be adhered
to in any shop that expects to handle beryllium for the first time. "
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L SUPPLEMENT Dx*

_ 1. Physical Propertics

Beryllium, symbol Be (or Gl), is a steel-gray, lightweight, hard,
‘_ metaliic element, Its ability to harden and strengthen other metals has
been its chief useful characteristic, The specific gravily of beryllium
is 1. 846; its melting point, 1.285°C; and its hardness 6 to 7 on the Mohs
scale, The atomic number cf beryllium is 4, its atomic weight is 9,02,
and it is unique among elements of even atomic number in that it has a
o eingle stable isotope. The oxide fiirn that forms quite readily on the
o surface of the metalie hard enough to scratch glass. Pure beryllium

. may be somewhat ductile under certain conditions, but specimens

reported to be 99. 94 percent pure were brittle when cold and couid only
be rolled when heated. At high temperature beryllium becomes readily
ma.deable but more difficult to handle because of its affinity for oxygen,
The addition of about 0.5 percent of titanium or zirconium is said by one
company to renaer berylliuimn malleable enough to be worked satisfactorily
at a high temperature, apparently because the added metal reduces inter-

~ﬂ B

T granular beryllium oxide film. Beryllium has an elactrical and a thermal
e : conductivity approximately 40 percent of tnat of copper. Thermal expansion
S of beryliium is about the same as that for iron and ordinary s.2el and

R considerahly less than that for aluminum; its latent heat of fusion is higher

than that for any of the other metals. Sound travels2-1/2 times faster in
beryllium than in steel. The principal physical properties of beryllium

A are listed in the accompanying table, which includes early data by Sawyer
R and Kjellgren, Claussen and Skshan, Hoyt, Hum Hume-Rothery and recently
: revised data from industry.

Z, Chemical Properties

The tl.eoretical chemical composition ¢f beryl, the chief source
mineral of the beryllium industry, is Be3Al,(SiO3),, representing a
composition of 14 percent BeO, 19 percent Al;O4, and 67 percent S5iC,.
Small amounts of the alkali oxides frequently replace the beryllium oxide
S content. The common commercially required beryllium oxide ~oatent
b T rauges from 10 to 12 percent BeC.

Pure beryllium is rather stable ard tarnishes slightly at room
temperaturesin dry air and pure oxygen. V¥her itis finely ground and

L T T T R I N [ T T

*Taken {rom reference (%).
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blown into a flame, it burns with brilliant scintillations, reference (32).
Compounds of beryllium have a sweet taste, which accounts for the

name 'glucinum' or "glucinium'', soraetimes applied to the element

and currently v9ed by the French. When beryllium is heated in air, it
develops a thin, almost invisible layer of uxide -~ analogous to the action
of aluminum under the same conditions. This oxide coating protects the
metal from attack by either hot or cold water. Beryllium is vulnerable,
however, at temperatures above 800°C, to attack by a number of gases,
such as nitrogen, chlorine, bromine, iodine, and oxygen, but not by
hydrogen. The affirity of beryllium for oxygen makes it a strong reducing
agent,

Beryllium metal is attacked by sulfuric, hydrochloric, and hot
nitric acid but not by cold nitric acid. Organic acids, such as tartaric acid
and citric acid, react with beryllium orly until an oxyhydrate is formed,
after which reaction the metal is no longer corroded. Beryllium is
dissolved by alkalinc hydremddes; it i2 more resistant to alkaliea than
aluminum but less resistant than magnesium. It forms a carbide when
heated with carbon and reacts when treated with cyanides and phosphorus,.

Beryllium does not react with ammonical solutions but can be
converted to a nitride by gaseous ammonia at temperatures above 750°C,
it is extremely reactive when moiten. The extraction of metallic
beryllium from beryl cre is difficult and expensive, owing primarily to
its occurrence in an aluminum silicate mineral, reference (33).

PHYSICAL PROPERTIES OF BERYLLIUM

Density (specific gravity) : 1.846 to 1.816 gm/cc*
Hardness ----- A e R TR D e 97-172 Brinell
Tensile properties: **
Ultdmate strength 35,000-95,000 1b. /sq.in.
Yield strength, annealed
{cffeet, 0.2 percent) - 30,000-45,000 1lb. /sq. in.
Elongation {in 2 in.) 2-20 percent
Reductior of area - 2-20 percent
Young's modulus of
elasticity 36,000,000-44, 003, 000

1w e~ o
— s = Qe es.
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PHYSICAL PROPERTIES OF BERYLLIUM (cont'd)

Compressive properties:
Yield strength (offset,

0.2 percent) ~=-~ccaoccccncamaanaa. 26,000-86,300 1b. /sq. in.
Young's modulus of
elasticity =--r--crccmcccmacnaaoao 42,000, 000-45, 000, 000
1b. /8q. in,
Shearing strength ~----cc--cceaoao-. 31,000-66, 000 1b, /8q. in,

Electrical properties:

Electrical conductivity =--woce-w-cao 40-424 percent of Cu
Electrical resistivity ~~--=~cec----- 3,9-4.3 microhms/cc
lectrode potential ---vcccacacaaaa. minus 1, 69 volis
\ Thermal properties:
- B ] Melting point =-=-eccccarcmcnuanao- 1.285°C (2, 345°F)
. Boilng pofnt =-w-mccmmcmeanaaoot 2,970°C (5, 378°F)
o Linea: coefficient of expansion:
- . , (209 = 2009C) == cmmmecmnmanonnnn 13.3 x 10°% per °C
- (209 = 700°C) =-avvmmmmmmmemmnee 17.8 x 10°6 per °C
Thermal conductivity (at 20°C) ---- 0.385 cal, /sq.cm. fum, [sec, / /
7C or 42 percent of Cu fe
Specific heat (at 20° - 100°C) --=--- 9.43-0.52 cal. /gm. /°C -
£ latent heat of fusion ---=-ccacueua-. 250-277 cal. /gm.
Vapor pressure: (at 1,400°C) ------ 0.001 mm Hg
. (at 3,000°C) ----- 760.0 mm Hg
; Heat of oxddetion ---=-cmmnammnaoo- 140. 15 cal, ***
Magnetic susceptibllity ---uuc-no 0.7% gauss/ocrsted c.g. s.
Reflectivity (white lHght) ---c--u-u- 50-55 percent
Velocity of sound ----c-vmecnno--n 12, 600 maters/sec.

23
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PHYSICAL PROPERTIES OF BERY LLIUM (cont'd)

Atomic properties:
Atomic number
Atomic weight 9.02
Atomic volume 4.96
Crystal structure Dihexagonal-bipyramidal,

close-packed
Lattice constants: a 2,268 A, 2,285
I 3,594 A, 3.533

Axjal ratio 1.585 A, 1,5682
Closest approach of atums 2,223 A, 2,221)
Atomic diameter -------- EEEE LT 2.25

*Theoretical denalty reported by two different sources.
*xiensile propertics may vary over a wide range, according to the
rmethod of fabrication emplcyed,
**¥*This is quoted correctly from reference (4) in which the temperature
is not given, Value is probably meant to be in «kilocalories. See
Supplement B for heat of formation of BeO at 298. 16°K.
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SUPPLEMENT E

BERYLLIUM RESOURCES OF THE UNITED STATES IN PEGMATITES
CONTAINING MORE THAN 10 TONS OF BERYL AND NON-
PEGMATITIC DEPOSITS CONTAINING MORE THAN
1 TON OF BeO *

'Pe gm atites

Resources in “Resources in
deposits con- deposits con-
taining 1.0 taining 0.1
percent beryl percent beryl
or more/!l or more /1

Location

Colorado, Larimer County, Crystal

Mountain district 700 2, 400
Coloradu, Guanison County, Quartz

Creek district 200 300
Colorado, other districts 500 800
Connecticut, Middlesex and

Hartford Counties, Middletown
district 2, 100

Idaho, Latah County 400
Maine, Oxford County 3, 800
Nevada 300
Noew Hampshire, Cheshire and

Sulllvan Counties 300
New Hampshire, Grafton County,

Grafton district 300 400
New Hampshire, Rockingham County,

Raymond district 100 300
New Hampshire, other districts 10¢
New Mexico 600 6Co
WNorth Carolina, Tri-County district <%0
torth and Scuth Carolina, tin-

spodumaene deis 243, 8002
South Dakots, Pennington County, -

Keystone district 5,400 10, 300
South Dakota, Pennington County,

Hill City district 200
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Pegmatites (cont'd)

Resources {n
deposits con«

Resources in
deposits con-
taining 1.0 taining 0.1
percent beryl percent beryl
Location Oor more or more

South Dakota, Custer County, Custer
district 300 5,500
Wyoming 100 200

Total, excluding tin-spodumene belt
(round) 11, 000 28,000

Grand total (round) 11, 000 270,000

7_1— To the nearest 100 tons,

/2 Based on incomplete work. Berylllum recognizsd spectrographically
is assumed to be in beryl,

*Taken from reference (4).

Non-Pegmatitic Rocks

T.ocation

Resources in
deposits con-
taining 0,1
percent BeO
or more /3

Resources in
deposits con-
taining 0.01
percent BeO
or more /3

Arizona
Arxansas
Colorado
Montana
Nevada

New Hampshire
New Jersey

39

110
60 {?7)
iv
10C (?)
10
<5
FAVIVIN !
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Non-Peg natitic Rocks (cont'd)

Resourcss in Resources in
deposite con- deposits con-
taining 0.1 taining 0,01
percent BeO percent BeO
or morae or mcre

New Mexico, Sierra and Socorro 400 400

Counties, Iron Mountain district

New Mexico, other districts 50

Uteh ?

Virginia <5 <5

Total (round) 400 900

Total, equivalent beryl /4 (round) 3,000 7,000

/3 To the nearest 10 tons,
/4 Based on the assumnption that beryl contains 12. 5 percent BeO,
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SUPPLEMEN'T F*
HEALTH AND SAFETY FACTORS

Compounds of beryllium are considersd by medical authorities as
possibly dangerous to health, and precautions must therefore be taken
in their procduction, Health problams may be encountered when mists,
dust, or fumes of these compounds arc inhaled, and such encounters
must be prevented, The sensitivity of individuals varies greatly, Itis
also recognized that a few individuals are super-sensitive and therefore
cannot be employed in the beryllium industry. This applies especially to
the production of primary beryllium products in the extraction plants,

The exact role played by the beryllium atorn itself is not clearly
understnod, especially bscause the intensity of the attack on the skin
or lungs varies greatly with the element or elements combined with the
ber/llium atom and also with the individual,

Various investigators have studied the physiological action of
beryllium in regard to lung irritation and general toxic effects. The
resnlts of this work, much of which is of a conflicting nature, were
summarized in 1943 by the U, S, Public Health Service, whose own
iuvestigations at that time indicated that beryllium was not toxic. It is
now recognized, however, that exposurwe to in-procens materials in any
one of the important berylliumr-production processes may be toxic to
certain supersensitive individuals. Furthermore, certain beryllium
salts, for example, the oxyfiuoride and sulfate, readily hydrolyse to
{ree acids and, if permitted on the hands of workers, may cause skin
irritation and ulcers on those dermatologically susceptible. A domestic
producer has reported several cases, one of which was that of a worker
who milled beryl and had no contact with fiuorides, The SAPPI organization
in Italy lost four employees, all of whom contracted the characteristic
shortness of breath. Heraeua Vacuumachmelze A, G. {n Germany axperienced
no deaths from baeryllium assimilation, but an associated company that
worked up beryllium-copper furnace dross reported a {atality of unascertained
cause, Due to the toxicity of beryllium conipounds, DEGUSSA in Gerinany
is reported to have lost 8 men, 6 in working up crude beryllium fluoride,
1 at the drying and ball-milling of melted ore and lime, and | at the fiiter--
press op.ration for preparing crude sulfate solution. All eight deaths were

*Taken from reference {4 ).
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for pneumnatic feeding and conveying of beryllium materials under reduced
pressure to minimize the health hazard. In the United States the beryllium
health hazard was recognized by Texas in 1947, when beryllium was
included in the list of minerals that may cause occupational diceases and
are compensable, (22),

The beryllium health hazard may be effectively reduced, according
to authorities, by proper ventilation, frequent washing of ths hands, arms,
face, and neck, and showers at the end of each shift, Personal cleanliness
should be emphagized; and in very hot and humid weather, the operator
may be provided with a clean set of working clothes at the beginning of
each shift to combat dermatitis. It is also advisable to have the plant
physician check the chest of every employee at frequent intervals and to
X-ray all employees at least once a ysar. A employee showing signs
of lung irritation should immediately be given a pericd free from work
long enough for recovery to take place, thus reducing the danger of acute
pineumonitis that might end fatally. By taking thess and other precautions,
the number of cases of dermatitis and acute pneumonitis are greatly
reduced and kept under control,

A more serious health hazard resulting in a number of fatalities has
appeared since approximately ' 1 in some industries, particularly in
the fluorescent lamp industry, in which beryllium-zinc silicate was used.
The chronic lung disease, related to beryllium, was first noted in this
industry. It develops relatively slowly and may extend over a period of
years; hence it has been called delayed pneumonitis or berylliosis. This
health hazard is less understood than the health hazards encountered in
the production of beryllium and its compounds from beryl ore. United
States health authorities and other medical groups are now investigating
the causes of delayed paneumonitis to establish what part beryllium plays
in the development of this disease.

In 1951, investigatione of the Argonne National Laboratory, Chicago,
(23), demonstrated that aurin tricarboxylic acid (ATA) reacts with
beryilium salts by fixing the beryllium into an inactive, nen-poisonous
compound. This observation has no immediate applicatior in humans. *

Durirg the last few years the AEC, along with others, has amassed
considerable evidence that beryllium is a toxic material under certain
circumstances, Although the mechanism by which beryllium produces
diasane is not vet cleariv understood, it has been found that inhalation of

*Nov (1360) has been propcsed ard used for human prophylaxis,
refereaces {21} and (23).

29
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extremely dangerous, with one exception, beryl ore, all of the beryllium
compounds of industrial im»ortance have been considered as possible
causative agents in the production of either pulinonary disease or one or
more types of dermatitis, Evidence points to the dust of pure beryllium
metal, the oxides, and cther compounds as creating health hazards;
beryllium alloys have never been pinpointed as trouble rmakers.

The occupational diseases produced by exposure to beryllinum or 1ts
compounds are of two types: Dermatologic and respiratory,

The dermal inanifestations are caused by direct contact with certain
beryllium material. There are saveral recognized darmal responacs:

1, A typical industrial dermatitis whirh usually appears on the
face and hands, It produces severe irritation and itching., Areas subject
to excessive perspiration and abrasion by clothing, gloves, goggles, or
face masks are susceptible to attack.

2, Skin ulcers may develop after the introduction of some beryllium
materials in a cut or wound on the skin,

3. Skin lesions have developed spontaneously in patients who have
contracted the chronic ftorm of pulmonary diseasc.

4. Tumors have developed beneath the surface of the skin after it
has been cut with a fluorescent tube containing beryliiun phosphors.

There are two principal respiratory responsee, acute pneumonitis
and chronic pulmonary granulomatosis (beryllivsis). These may be
disabling or {atal

Acute pneumonitis is produced by exposure tc relatively high
concentrations of airborne beryilium. (The use of the word beryllium
here implies either metallic beryllium or vne of its compounds.) It
has been known to develop after a single short exposure to soluble
beryllium salts. No perscnnel should be exposed to concentration greater
than &5 micrograms per cubic meier for any period of time, however
short, (24).
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"Chronic berylliosis is an insidious disease that may develop after
exposure to concentrations considerably lower than those responsible for
acute pneumonitis, Its onset may be delayed from a few months to sever:i
years after exposure,

"An inp lant daily average concentration of 1 to ¢ micrograms per
cubic meter of air has been widely adopted as a safe operating criterion by
plants kandling beryllium (24). The essentials of a hygienic program for
berylliumn plants are: Careful plant design, eftective local exhaust ventilation,
routine duat monitoring, rigorous housekeeping, enforced personal hygiene,
and strict medical supcrvision,

"A hazard may develop in the vicinity of a 2lant which processes large
quantities of beryllium materials if the process gases and ventilating air are
not properly controlled, A maximum allowable average concentration of
0.0]1 microgram per cubic meter has been recommended for the neighbor-
hood around a beryllium plant (24), Dust-collecting equipment must be
employed where such a problem may exist."

T ammm o




(1)

(2)

(3)

(4)

(3)

(¢)

(7

(8)

(9)

(10)

(11)

NAVWE?S Report 7346

REFERENCES

David Hart and W.R. Tomlinson, Jr., Metal Progress 59, 788(1951),
Use of Finely Divided Metals in Explosives

Handbook of Chemistry and Physics, 4ith Edition - Chernical Rubber
Publishing Co., Cleveland, Ohio

Selected Values of Cremical Thermodynamic Properties. Circular
c¢f the National Bureau of Standards 500, Frederick D. Rossini,
Donald D, Wagman. William H. Evans, Samuel Leviae and

Irving Jaffe

Materials Survey - Beryllium, Compiled by U, 5. Department of
the Interior, Bureau of Mines, September 1953

John H. Perry, Chemical Engineers' Handbook, McGraw-I{ill,
New York, 1950

K. K. Kelley, U.S. Bureau of Minee Bull, 271 (1934)

Donald E. Eilertser, Beryllium, a chapter from Mineral Facts
and Problems 1900 Edition. Preprinted from U.S. Department
of the Interior, Bureau of Mines Bulletin 585,

Nerton, J.J. Grifiitts, W. R. and Wilmarth, V. R., Geclogy and
Rasources of Baryllium in the United States. 21nd United Nations
Internat. Conference on the Peaceful Uses of Atomic Energy.
Geneva, Vol, 2. Survey of Raw Malerial Resources, September
1958, pp 21-34.

Grifritts, W.R., Beryllium Resources of Tin-Spodumene Beit,
Nerth Carclina, Geol, Survey Cir. 30C, 1954, 12 pp.

Bureau of Mines and Geological Survey. Materiais Survey-
Berylium, Cepteinber 1953,

Sinegub, E.S., Beriil: Nemetallicheskive iskopayemye, U 5 § R.,
Moscow -Leningrad, Vol. 2, 1943, pp. 129-157.

Ames, Edward, Beryllium and Tantalim Ure Ueposits i tie Suviel
Union: U.S. Embassy, Moscow, U.5.5 R., Despatcn 302, Encl. !},
March 27, 1944




{

(13)

(14)

(13)

{16)

(17)

NAVWEPS Report 7346

REFERENCES (ccat'd)

J.S. Kennedy and R.G. O'Meara, Bureau of Mines Report of
Investigations 4166, Flotation of Beryllium Ores, January 1948.

H. Copaux, French Patent 176, 475, issued in 1915,

Kroll, W.J., Extractive Metallurgy of Berylilum: Bureau of
Mines Inf, Circ. 7326, 1945, 15 pp.

Kaufmann, Albert R., Gordon, Paul, and Lillile, D, W,, The
Metailurgy of Beryllium: Trans, Am. Soc. Met2is, 42, 785-844
1950,

W. R. Griffitts, Beryllium Resocurces of the Tin-Spodumene Belt,
North Carolina. ~ ited States Department of the Interior Geoloyical
Survey Circular.

Keith, Arthu-, and Sterrett, D B., 1931, Description of the
Gaffney and Kings Mountain quadrangles, South Carolina and
North Carolina: U.S. Geol., Survey Geol. Atlas, folic 222.

Kesler, T.L., 1942, The Tin Spodumene Belt of the Carolinas:
U.S. Geol. Survey, Bull. 936-J., p. 245-269.

Rankama, Kalervo, and Sahana, T.G., 1950, Geo-chemistry
Uaiv. Chicago Press.

Anonymous, 1952, More Spodumene framn Kings Mountain Eug.
and Min. Jour., V. 153, p. 95.

Fries, Czrl, 1942, Topar Deposits near the Brewer Mine,
Chesterfield County; South Carolina: U.S5. Geeol. Survey Bull,
936-C p. 59-To,

CGriffitts, W, R. and Overstreet, W.C., 1952, Graniti. rocke of
the Western Carolina Piedmont: Am. Jour. Science, V. 25,
D, TTT-789.

Bresiin, A J. and Harris, W, B., Health Protectior in Beryilium
Facilities, >ummary o: len Years of Lxperiten~e. ari Nene
HASL-30, May i, 1958, 55 pp.




(21)

(¢¢)

(23)

(24)

i

NAVWEES Report 7346

-------- Report of the Panel on Toxicity of Beryllium of the
Materials Advisory Board. Nat. Academy of Sciences, MNat.
Regearch Councll Rept. MAB-135-M, July 1958, 22 pp.

Morgis, G.G. and Forbes, J.J., Review of Literature on Health
Hazards of Beryllium and Its Compounds, Bureau cf Mines Inf.
Circ. 7574, July 1950, 23 pp.

Beryllium and Berylliosis, Scientific American 199, Aug. 1958,
page 27

Engineering and Mining Jotrnal, Vol. 143, No. 8, Aug. 1947,
p. 105,

Science News Letter, Aatidote to Beryllium: Vol. 60, No. 22,
Dec. 1, 1951, p. 3335,

Boyer, M. W., Gen. Mgr. Recommendations for Control of
Beryllium Hazards: U.S. Atomic Energy Commissior Memorandun
Publication, AEC He.ith and Safety Division, July 17, 1952,

H. Buddery, Academic Press, Inc., 111 Fifth Ave., New York,
Y., 1960.

Z It

eryliiuiu Metailuscv of the Rarer Metals, No. 7, G.E. Darwin,

Some Notes on Safe Handling Pru-tices for Beryllium, by
Webster Hodges. Defense Metals Information Center, Batte!ls
Memorial Ind#tate.

7.8, Government Research Rzports, 35, 360 (1960!, DB 1561 319.

cl
o

S. Governmicit Research Reports, 33, 361 (1960), PB 138 454.

Toxlcology of Feryllium: A Bibliography by E. D, Hutchinson,
R.D. Armstrong, E.A. Maynard, and H.C. Hodge. AEC
Research and Development Revort "R 570,

Sachs, F.L. and Ballenrine, K. D, Beryviiium Toxicology., A
Htera.ure search Y-1. Plant, Cartbide and Carbon Chernials Co.
Oak Ridge, Tennessee.

Riese,

R., Hendrickeor, R, M., Biblicgravhy an the

Lz, '
of Beryllivm, AECU-4i43 (1957




NAVWEPS Report 7346

REFERENCES ( cont'd) gd)
Dement, J., Dake, H.C., Rarer Metals; Chemical Publishing Co., hem!
New York, 1946, p.5 ',
Richardson, L.B., and Scarlett, A.J., General Colleg= heral
Chemistry: Henry Holt and Co., New York, 1947, 4th Ed. ., 19
‘ba.
e
ceq
5
5;_? L]
\.‘19
V5
~'?:




